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ABSTRACT

This report presents the results of a study of aug-
mentation requirements for the Real Time Computer Complex (RTCC)
and the Simulation, Checkout and Training System (SCATS) in the
Mission Control Center-Houston (MCC-H). Computer needs for
several Apollo and AAP model schedules, representing a range of
mission support demands, were investigated.

It was concluded that with certain changes in the pre-
sent flight control philosophy a single 360/75 could provide
flight control support for the most demanding mission foreseen--
an AAP dual launch and rendezvous with an orbiting cluster. The
changes include such things as delaying or suppressing selected
telemetry data and updating telemetry displays less frequently
than heretofore. Hence, the presently used stand-alone concept
one computer wilth backup supportling all processing for a
mission--can be used in the foreseeable future. It was also
concluded that a single 360/75 could provide the Ground Systems
Simulation Computer (GSSC) capabillity for any one mission if
minor training compromlses are made.

Further analysis based on maintaining the stand-alone
approach led to the followilng conclusions:

1. The present RTCC-GSSC computer complement--six 360/75's
and two 360/50's--1s adequate for an Apollo-only schedule
and for an Apollo schedule with three-month launches
interleaved with a "light" AAP schedule.

2. The present complement of computers 1ls inadequate for
an Apollo schedule with two-month launches interleaved
with a "light" AAP schedule. At least one more 360/75
would be required for program development.

If Apollo 1s interleaved with a "heavier'" AAP, it
would be desirable to put the additional 360/75 in the
SCATS area so that simultaneous tralnlng exercilses
could be supported. It would also be desirable to
convert the two 360/50's to a 360/75 with real time
interfaces so that more simultaneous activities could
be handled.
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Study areas whilch might lead to more efficient com-
puter utilization were identified. These include: abandonment
of the stand-alone approach in favor of functional processing;
use of multiprogramming during program checkout; more efficient
telemetry processing schemes.

Although the bulk of the analysis was performed prior
to October 1967, much of the data is still relevant. Further-
more, areas are identified in which subsequent or continuing
analyses were conducted. Since the analysis covered a broad
range of manned space flight schedules, both the techniques
and the results reported here should be useful for other
studies such as the current Saturn V Launched Orbital Workshop
Study.
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1.0 INTRODUCTION

Current planning at NASA Headquarters indicates that
Apollo and Apollo Applications Program (AAP) missions may over-
lap or interleave in time, and that some AAP missions may place
heavy demands on existing ground support systems. The Bellcomn
GOSS Augmentation Study conducted in July through September,
1967, investigated the impact of proposed manned missions on
two major ground systems: the Mission Control Center-Houston

(MCC-H) and the Manned Space Flight Network (MSEN). (L)

This report answers a question that formed a major
part of the study: what augmentation, if any, is needed in the
Real Time Computer Complex (RTCC) and the Simulation Checkout
and Training System (SCATS) in the MCC-H?

The answer to this question depends on the type of
schedule to be supported, a factor which had not been completely
defined at the time of the study. Hence, the study team pro-
vided a range of answers to cover a set of baseline schedules
(see Figure 1).¥ This memorandum documents both the answers and
the methods employed to reach them.

2.0 BACKGROUND

The general flow of data on the ground in support of a
mission is shown in Figure 2. The primary purpose of the comput-
ers within the RTCC is the direct support of a live mission.
Operating in real time, these computers process telemetry and
tracking data to update displays, determine trajectories, and
carry out mission planning functions. They also handle commands
sent by the flight controllers to the spacecraft. BRefore launch
they are used extensively for testing the MCC-H and MSFN systems,
for pad support, and for training flight controllers. The pro-
grams that support these functions are tailored for each mission.

¥The baseline schedules were formulated from NASA Head -
quarters plans as known during the study period and are combina-
tions of "light" and "heavy" Apollo and AAP schedules. They
provide a likely range of mission support demands.
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The development and checkout of these programs is carried out on
five IBM/75's located in the RTCC area of MSC's Building 30, two
IBM 360/50's located in the IBM Building,* and one IBM 360/75
located in the SCATS area of MSC's Building 422,

The primary purpose of the computers within the SCATS
is to simulate the trajectory and telemetry data flow from an
actual mission to provide realistic inputs for training exercises
within the MCC-H. There are presently three computers within
SCATS: a Univac 418, a Univac 494, and the aforementioned IBM
360/75. The Univac computers are used for simulation control and
remote site simulation respectively. MSC estimates indicated that
these computers would be able to handle the expanded requirements
dictated by Apollo and AAP schedules; hence they are not discussed
further in this report. The 360/75, called the Ground Systems
Simulation Computer (GSSC), which simulates space vehicles and
MSFN ground systems, is considered in more detail, since there are
circumstances which may dictate the need for its augmentation.
GSSC programs are developed primarily on the 360/75 in Building
422 and the two 360/50's in the IBM Building, with some use of the
360/75's in Building 30 when they are avallable,

In addition to RTCC and GSSC program development and
mission support, there are certain other tasks which require the
use of the 360's. By far the largest of these tasks is the work
involving the real time operating system (RTOS). This system
undergoes continual maintenance, development, testing, and im-
provement for purposes of more efficient utilization of the
computers. The simulation of RTCC and GSSC program execution to
determine running times of program segments is another task re-
quiring computer time. Smaller amounts of time are devoted to
the gathering and processing of statistical data relevant to
computer utilization, and administrative and configuration con-
trol record keeping for programs under development.

Computers outside of MCC-H, particularly the UNIVAC
1108's in MSC's computational facility, are also used for some
related programming efforts, principally in the area of mission
planning. Some of the programs developed in this manner are
eventually incorporated into mission programs for RTCC. These
activities, however, proceed independently of RTCC and were
given no further consideration in this study.

*¥There is no direct link between the 360/50's and the MCC-H,
hence they are limited to off-line, job-shop type of program
development.
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3.0 ANALYSIS OF RTCC COMPUTER REQUIREMENTS

The number of RTCC computers required to support a
particular schedule is dependent on: the real time support de-
mands of individual missions as compared to the capability of a
360/75; the number of simultaneous missions; reliability goals;
and the computer time needed for development, testing, training,
and other prelaunch usage of the RTCC computer programs.

3.1 Capability of the 360/75

The RTCC operates in a "stand-alone" mode: a single
computer processes all telemetry and tracking data for a mission
in real time. With the advent of multiple launches and space-
craft clusters in the AAP, the amount of telemetry data is ex-
pected to increase greatly over Gemini and Apollo. It 1is natural
then to question whether a single 360/75 will be capable of
supporting an AAP mission, since a "no" answer to this question
will greatly affect the number of computers required in the RTCC.

The analysis in this section will show that a single
360/75 can handle the worst case mission--an AAP-3/4 dual launch
and rendezvous with the cluster--if certain flight control com-
promises are made. T

3.1.1 Loading Factors

The RTCC processing load can be considered to be com-
prised of four major functions: real time telemetry processing;
real time trajectory processing; event-dependent processing; and

Real Time Operating System processing.(Z) Real time pro-
cessing, both for trajectory and telemetry parameters, must be
completed within a specific time cycle to avoid loss of data.
Event-dependent processing--e.g., maneuver planning, go-no-go
processing, differential correction--1is initiated either by
flight controller request or the occurrence of some specific tra-
jectory event. While not tied to a specific cycle, processing
results must be available in a timely fashion, which could be
from seconds to hours. Although no firm standards have been set,
it has been estimated that between 39% and 50% of computing time
duri?g)spacecraft contact should be reserved for such process-

; 2

ing.

3.1.2 Loading Data

The loading data used in this analysis are shown in
Table 1. The time for RTOS overhead processing, which includes
memory management and input-output functions, is included in
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the individual program processing times. The time for program
swapping--bringing programs in and out of memory--being a func-
tion of total program size, is estimated separately. The telem-
etry processing estimates are given in terms of milliseconds

of processing per telemetry update.¥* Dividing an estimate by

the update period--currently one second--gives the fraction of
time a computer's central processing unit (CPU) is processing

a particular class of data. For example, Command and Service Module
(CSM) telemetry processing takes 17.1% of the real time cycle

(171 milliseconds/1000 milliseconds). If, however, telemetry data
were updated every two seconds, CSM processing would take 8.55%

of the real time cycle.

The telemetry loadings shown in Table 1 are based on

IBM-Houston estimates for the AS-504 mission,(3) except for the
Orbital Workshop-Multiple Docking Adapter-Airlock Module (OWS-
MDA-AM) and the Apollo Telescope Mount (ATM) estimates, which
were made by the authors.¥*¥ The real time trajectory processing

estimates are taken from a MITRE report.(”)

Analysis indicates that the computer program for
AAP-3/4 will be comparable in size to the AS-504 program.*##
Hence the swapping time estimates given in Table 1 are based on

estimates for AS-504 as derived from conversations with MSC
personnel.

3.1.3 Analysis of Worst Case Mission

It is estimated that the worst case processing load
will occur somewhere during the launch of AAP-3/4 and 1its
rendezvous with the OWS-MDA-AM. The exact loading 1s dependent
on the mission plan, which is not yet completely deflned. For
the purpose of analysis the following assumptions were made:

a. The LM/ATM AAP-4 launch will occur prior to the CSM
AAP-3 launch.

b. The manned CSM will be launched within a day of the
LM/ATM.

¥Telemetry processing takes place each time updated
telemetry parameters are transmitted from the Communication,
Command and Telemetry System (CCATS) to the RTCC.

¥¥It was assumed that the OWS cluster was equlvalent to

1 1/2 unmanned CSM's and that the ATM was equivalent to one
unmanned CSM.

k¥##See Appendix.
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c. During the launch, the LM/ATM will be covered by a
shroud. It will be incapable of generating telem-
etry until the shroud's removal during the LM/ATM-~
CSM rendezvous.

d. The LM guidance computer will actively participate
in the rendezvous of the CSM-LM/ATM with the OWS-
MDA-AM,

Table 2 shows the processing requirements during the
CSM launch, assuming that all possible telemetry sources are

generating and that telemetry is updated at one-second inter-
vals.

The result--197%--is intolerable since it 1s close to
an overload situation, even without considering the requirements
for event-dependent processing and program swapping. Unfortu-
nately, the next phase of the mission--docking the LM/ATM with
the CSM, followed by rendezvous with the OWS-MDA-AM--is worse
yet. Here the real time telemetry and trajectory processing,
exclusive of swapping and event-dependent processing, is ~108%
(see Table 3).

3.1.4 Methods to Reduce CPU Overload

In order to support the AAP mission in a single com-
puter, major reductions in the processing load will be
necessary. Such reductions can be effected by: reducing the
number of parameters monltored; selectively turning off telem-
etry; delaylng certain telemetry transmissions from the remote
sites; reducing the telemetry update cycle. These methods can
be used singly or in combination to relieve potential overload
situations albeit at the expense of compromising flight con-
troller operating procedures.

3.1.4.1 Reduce the Number of Telemetry Parameters

The processing time for telemetry is essentially di-
rectly proportional to the number of parameters
monitored and the frequency with which they are up-
dated. If the number of parameters i1s halved, the
processing time willl also be halved. It 1s doubted,
however, that the present parameter estimates for AAP
could be significantly reduced between now and the
time the spacecraft configuration 1s frozen. 1In fact,
fhe trend 1s usually towards increased parameters as
time progresses. The best that can be sald here is
that the parameters must be controlled to keep the
list as small as possible.
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3.1.4.,2 Reduce the Telemetry Update Cycle

Much more rewarding is the potential gain resulting
from increasing the time between the telemetry updates.
If, for example, the period for sending data from

CCATS to the RTCC and the period for updating telem-
etry displays in the RTCC is increased to two sec%nds,
the time for telemetry processing will be halved.
Hence, increasing the telemetry update period for the
case shown in Table 3 would bring the combined process-
ing time down to ~62%*¥¥, exclusive of event-dependent
processing and program swapping.

It should be mentioned that the Flight Control Divi-
sion at MSC does not consider this approach to be
desirable, since 1t decreases the probability of a
flight controller detecting changes in telemetry
parameters. Another penalty that must be paid is the
cost of modifying the CCATS and RTCC telemetry pro-
cessing program. However, thls price is small compared
fo the overall development cost of the RTCC program.

To overcome the flight controller's objection, it
might be desirable to selectively vary the telemetry
cycle on a vehicle-by-vehicle basis. For example, if
CSM data including the AMD and AGC**¥¥ are updated once
each second, and the other vehicle data are updated
once every two seconds, CPU utilization for the case
depicted in Table 3 would be reduced to 77% exclusive
of event-dependent processing, program swapping and
additional RTOS time required for handling the more
complex update rules. The selective approach would,
however, require significant reprogramming and might
actually increase CPU loading if not carefully
programmed.

3.1.4.3 Selective "Turnoff" or Delay of Telemetry

Overload conditions can also be reduced by "turning
of f" certain emitters during worst-case situations.

¥This conclusion is based on an analysis of the CCATS-
RTCC-Display computing cycle and has been verified in several
conversations with MSC and IBM personnel.

%¥(91.6)(1/2) + 14.5 + 2.1 = 62.4 ~ 62%.

¥ %%
AMD: Aeromedlcal Data

AGC: Apollo Guidance Computer
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"Turn-off" can be accomplished by literally shutting
off a telemetry transmitter or by nof transmitting 1its
data in real time from the remote sites.

One stratery might be to turn off the OWS-MDA-AM dur-

ing the rAP-3/4 launch-rendczvous nhase except Jor
brief periods of checkout. That 15, the data will
only be monitored to determine 17 ~lanned launches or
maneuvers chould be commenced. v a commitment 13
made, the OWUS-"DA-AM will nnt be -uitored unt:l 1t 1is
time to make the next such decision. This strater~y
would provide 26% more procecsin~ time per cycle 1in
the situations shown in Tablez 2 and 3. In fact, a

combination of a two-second cycle and suonression of
OWS-MDA-AM data would reduce the CPU loading for

the real time processing in tho rendezvous phase to
~U9%.  This strategy leaves more than (0% of the ‘om-
putine cvecle available for nrocram gwenvines and event-
dependent processing.

The same improvement could be achieved hy delayineg the
WS~MDA-AM cluster data until CSVM-LM/ATH contact 1s
lost. 1In this case the cluster data would be nrocessed
during a lower level of activity., although it mayv still
be competing for CPU time with the event-dependent pro-
cessing. This delay could be accomplished either by
sending cluster data post-pass from a remote site or by
stripping these data out in CCATS, dumpings them on tape
and then playing the tape back to the RTCC during low
activity periods.

3.1.4.4 Conclusions

Some change 1in the present method of flight control

will be necessary to enable one conpuler to support the
most complex AAP mission. The most promising approaches
seem to be reducing the telemetry cycle and delaying

or suppressing telemetry data. If these approcaches are
not used, then the number of computers required in the
RTCC would increase greatly--perhaps by as much as a
factor of two.

Considering all factors, economic and tectnical, 1t is
concluded that it is both desirable and feasible to
limit telemetry processing so that a single computer
can process the data from the most complex missions.
The analysis of computers required for a combined
AAP-Apollo program, to follow, will be based on this
premise.
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This 1s not meant to imply that the stand-alone mode is
necessarily the "best" way to process the data; there
may be other configurations which could use the RTCC
computers more effectively. However, such methods

would necessitate extensive hardware and software devel-
opment which would impact on the already tight schedules
in effect in the RTCC. Because of this potential impact,
these methods must be studied carefullv in a longer
range effort than that of the GOSS Augmentation Study.
Our philosophy in this study has been to show how the
stand-alone approach can be extended to AAP, thereby
buying time to make such studies. Some methods deserv-

ing of further study are discussed in the concluding
section of this report.

3.2 Computer Backup for Reliability

Although one computer can process all the data for a
mission, subject to the constraints discussed in the vprevious
section, backup computers may be required to obtain reliability
objectives. The present philosophy is to use a '"dynamic stand-
by" computer (DSC) for critical phases such as launches and
major burns. The DSC receives and processes the same inputs as
the mission operational computer (MOC); its outputs, however,
are suppressed. When a failure is detected, the DSC outputs can
be switched to the control room within milliseconds, thus insur-
ing continuous mission support. The original MOC is then taken
off-1line and repaired. Another RTCC computer, if available, is
then activated to dynamic standby capability. In Gemini, this
activation took 5-15 minutes; a new method currently being imple-
mented will reduce this time to 11 seconds.

The problem of how many computers are required to pro-
vide adequate reliability is a complex one. In Gemini, it was
concluded that five IBM 7094-II's were necessary to provide ade-
quate support for one mission's critical phases. 1In a combined
Apollo and AAP schedule, however, it may be necessary to support
two simultaneous critical phases. A preliminary evaluation made
by Bellcomm during the Augmentation Study indicated that with five
IBM 360/75's and sufficient repair crews availlable, support for

two critical phases would be available 99.993% of the time. ¥

This analysis is based on a mean-time-to-computer-failure of 70
hours and a mean-time-to-computer-repair of two hours--as derived
from current estimates and the use of a simplified reliability

model.

#This analysis has subsequently been verified and 1is
documented in reference 5.




BELLCOMM, INC. -9 -

The analysis also indicated that at least four com-
puters would be available 99.270% of the time and that all five
computers would be available 86.86% of the time. These figures
show respectively the availability of dynamic standby computers
for both critical phases and the availability of a computer for

ofther activities such as preventive maintenance and program de-
velopment.

Hence, for the purposes of this study, it will be
assumed that five 360/75's can provide support for two simulta-
neous critical phases with sufficient reserve for preventive main-
fenance and some program development.

3.3 Mission Program Development Requirements

The largest portion of computer time expended for a
mission is devoted to program development. Two general categor-
ies of computer utilization can be distinguished: job shop and
scheduled or block time. Job shop refers to programs that are
processed more or less automatically in a batch mode under con-
trol of the operating system on a 360/50 or 360/75. About
20-25% of the total computer hours spent on program development
fall into this category. During scheduled or block time, a pro-
grammer is allowed full and exclusive use of a 360/75 for a
period of time. This category is intended primarily for testing
programs in real time, when some communications with systems out-
side the computer are desired during the execution of the program.

The size and complexity of mission programs demand that
programs for new missions be built as much as possible on those
for previous missions of a similar or related nature. There
are several factors, however, that contribute to the require-
ments for new program develooment for a given mission:

a. Differences in plans and objectives for various
missions result in changes in computer operations
to support the missions.

b. Spacecraft changes, although they may be relative-
ly minor on successive missions, often produce
changes in telemetry processing and therefore re-
quire revision of the affected programs.

c. Different crews and teams of flight controllers are
involved on various missions, and certain individual
preferences necessitate program changes.

d. Changes in mission programs can be expected as ve-
hicles are flown and program deficiencies are
revealed.
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e. Limitations of time and resources force the adoption
of priorities in handling program changes, and result
in some changes being deferred to later missions.

f. The implementation of a specific computer function,
even without changes in requirements, is subject to
continual refinement and improvement to make better
use of the computer's capability in real time and to
provide a wider margin for contingencies.

A first-of-a-kind mission 1like the first Apollo lunar
landing mission would necessarily involve extensive program
development. IBM estimated that about 10,000 hours of computer
time would be required for this mission. Subsequent Avollo
flights, and AAP missions involving lunar landing, could then
use this program as a base, and would require less computer
time for development. Similarly, other AAP missions could
build on the earth orbital rendezvous program developed for
AS-258. After discussions with MSC and IBM, the following
"learning curve" was developed by the authors:

a. Missions that involve a significantly novel hardware
configuration (e.g., the orbital workshop of AAP-3/4)
or operating environment (e.g., high-altitude earth
orbit) would require 6000 hours of computer time for
program development. The second mission of this type
would require 3000 hours, and any subsequent missions
would require 1500 hours.

b. Missions that were moderately similar in hardware and
environment to previous ones would require 3000 hours
of computer time for the first mission and 1500 hours
for any subsequent ones.

¢. Missions that were only slightly different from pre-
vious ones would require 1500 hours of computer time
for each mission.

Computer time is not expended at a uniform rate in the
course of developing a mission program. Early phases are char-
acterized by short computer runs with extensive changes and
corrections. Later runs involve more time as larger combinations
of program segments are tested. For a typical mission, computer
utilization increases gradually to a peak just before program de-
livery (normally tnree months prior to launch), then tapers off
as final revisions and corrections are completed. Although, in
actual practice, resource limitations and mission priorities may
cause schedule adjustments to be made, some standard must be
adopted for planning purposes.
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Data provided by MSC and IBM was used to define non-
uniform program development rates. Then, for each type of
mission considered for Apollo and AAP, a judgment was made by
the authors with regard to which of these rates was most
appropriate. The rates and the assignment of missions to them
are shown in Table 4. The mission designation used in Table 4
is based on Figure 1, with missions of the same type given
sequential suffix numbers (A-1, A-2, etc.) where needed.

In viewing total RTCC requirements, it was found ex-
pedient to deal with numbers of computers rather than the amount
of computer time needed to accomplish a task. The values in
Table 4 were readily converted to numbers of computers by assum-
ing that each computer could be available for 500 hours of
useful operation each month. This figure allows an ample margin
for preventive maintenance, unscheduled down time, rerunning of
jobs as a result of computer failures or malfunctions, and accu-
mulated lost time between jobs.

3.4 Other Computer Regquirements

In addition to program development, requirements for
computer utilization in any given time period can arise from
other sources, as mentioned in the Background section of this
report. Based on discussions with MSC and IBM, the following
assignment of computers was assumed to meet these requirements:

a. One computer was assigned to full-time support of
a flight in progress, for the maximum duration of
the flight. (Flight duration was rounded up to the
half month.) An additional computer was assigned
to dynamic standby support during part of the mis-
sion; this requirement was expressed as a fractional
computer assigned for the maximum duration of the
flight. The fraction depended on the length and
type of mission, and varied between 0.10 and 0.67.

b. Simulation and training occupied a U45-day period
prior to launch and used a computer 0.75 of the time.
This level, although somewhat higher than would gen-
erally be experienced for a single computer, includes
an allowance for a dynamlc standby computer during
some phases of tralining and checkout.

c. Throughout the period covered by the baseline schedules,
an average of 1.33 computers per month would be ex-
pended on operating system work, statistics gathering,
and other overhead functions. This figure may at
first appear to be high, but it must be remembered
that there is a continual effort underway to improve
the operating system so that the capability of a 360/75
can be realized more fully.
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3.5 Results of Analysis

With the specific mission requirements detailed in the
previous sections as a basis, the number of computers needed
during each month covered by the five baseline schedules was de-
termined. The results, expressed as the number of 360/75's
required, are presented in Table 5.

It can be seen from Table 5 that the RTCC requirements
reach peak values during the first year of each schedule. Sev-
eral factors contribute to these peaks:

a. The unique program development time assoclated with
the first Apollo lunar landing mission adds a heavy
bias to RTCC activity, particularly toward the end
of the first year.

b. Continuing program development for the J' mission of
Figure 1 adds to the computer requirements during the
early months of the first year.

¢, Most other missions whose programs are under
development during the first year are either first-
of-a-kind or second-of-a-kind and therefore involve
heavy computer requirements.

Although May of the first year 1s a local peak on all
schedules, the early AAP missions cause higher peaks to occur
later in the year for schedules II and IV. In actual practice,
of course, attempts would be made to plan the program develop-
ment for various missions so that peaks of this type could be
reduced. Similarly, development of the operating system and
other overhead activities would, as far as possible, be deferred
to more convenlent periods.

As a first approximation to the effect of planning
program development to overcome peaks, the authors assumed a
uniform development rate for each mission program. Specifically,
a first-of-a-kind mission was assumed to require a full computer
for 12 months; a moderately different mission, a full computer
for six months; and a slightly different mission, half a computer
for six months. The results are presented in Table 6. In every
schedule, peak loads resulting from using these figures were
lower than those presented in Table 5. Table 7 summarizes the
results obtained from these two approaches to satisfying the
demands for program development time. It can be seen from this
table that by rearranging the program development tasks for
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various missions, local peaks can be reduced, and overall peak
loads may occur at different times. While flexibility in
planning may not always be possible to the extent desired, at
least some capability in this regard can be expected.

As stated previously, the present complement of com-
puters avallable for RTCC tasks consists of two models: 360/50's
and 360/75's. In order to determine how well these computers can
satisfy the requirements of the baseline schedules, it 1is neces-
sary to make a judgment about the equivalence of these two models.
For batch-type job-shop runs, a 360/75 may have as much as five
times the processing speed of a 360/50. Many of the RTCC runs,
however, involve large amounts of input-output activity; e.g.,
extensive printouts associated with core dumps. As a result, the
speed advantages of the 360/75 cannot be fully exploited. As a
simplifying assumption, the two 360/50's now avalilable can be
considered eguivalent to one 360/75. This equivalence can be
stated alternatively: 1if the two 360/50's were no longer availla-
ble, an additional 360/75 would be necessary to retain the
present capability.

In light of this assumption, the data given in Tables
5, 6, and 7 can be employed to assess thc capability of the
present complement of computers to satisfy the requirements of
the baseline schedules. All schedules demand more than five
computers for appreciable percentages of the time; therefore
the five 360/75's located in the RTCC could not, by themselves
support these schedules. The two 360/50's are used largely,
but not exclusively, for RTCC tasks. If these computers could
be used when needed, the equivalent of six 360/75's would be
available. With reference to the data miven in Table 5, 1t 1s
reasonable to assume that the program development work required
during the first year of schedule I could be rearranged to
flatten the peak load in April and May, so that six 360/75's
would be sufficient. The local peaks of schedules III and V
could also be flattened in this manner; these peaks, however,
are broad enough, particularly in the second year, to make
one more computer highly desirable, at least for schedule III.
Schedules II and IV show the highest and broadest peak loads,
and would require one computer above the present complement and
moderate rearranging of program development tasks to provlide
sufficient capabllity to meet these demands.

It is of interest to note that schedules II and IV
show several months of heavy requlrements during the fourth
year. Actually, the total requlirements during this year may
be appreciably greater than shown 1n thils analysls because
whatever projJects are to follow Apollo and AAP would beglin to
demand computer time during this period. Estlmatlon of such
projects, however, was deemed to be beyond the scope of the
present analysis, and no further consideratlon was glven to
this aspect of the problem.
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4.0 ANALYSIS OF GSSC COMPUTER REQUIREMENTS

The number of GSSC's required to support a particular
schedule is influenced by: the ability of a 360/75 to simulate
a mission; the number of simultaneous training exercises imposed
by the schedule; and the computer time required to develop, test,
and use the GSSC programs.

4,1 Capability of the 360/75

The total GSSC program consists of mathematical models,
which simulate ground systems and space vehicles, and control
programs. Each model and program utilizes a certain percentage
of avallable CPU time. If, within an interval of time, the total
time used by the programs exceeds the time available, simulation
outputs will get delayed or suppressed thus affecting the reality
of the training exercise in progress. Throughout Gemini a single
IBM 7094 was able to perform the GSSC function. Training for the
early Apollo missions, prior to replacement of the T7094's by
360/75's, required support from two GSSC computers primarily
because of the increased complexity of the mathematical models
involved. Introduction of the 360/75 enabled NASA to perform
the GSSC function for Apollo missions with a single computer.

A question arises as to the viability of single-computer
support in the face of forthcoming AAP missions. The answer to
this question can be determined from an analysis of GSSC CPU
loading estimates as shown in Table 8. The estimates for those
programs marked with an asterisk are based on actual measurements
made by IBM on Apocllo programs under development. The
estimates for programs with double asterisks are the authors',
and are based on comparisons between Apollo space modules and
AAP modules.

Basically the analysis for any one mission consists of
determining which programs are used for the mission and then
summing their CPU utilization times. In doing so, however, two
factors must be considered: the CPU time required for program
swapping; and a reduction factor to account for the fact that
not all of the programs are utilized during an interval of time.
Actual measurements on Apollo GSSC programs show that the combined
result of the two factors reduces the actual CPU utilization to
85% of the sum of the individual program CPU utilizations. For
example, if the CPU utilizations for those programs used in a
Saturn I-B CSM launch simulation are summed, the result is 101%
(see Table 9). However, actual GPSS¥ measurements indicate a peak
loading of 85%, approximately a 15% reduction. This reduction
factor will be used in the AAP analysis although there is no guar-
antee that it will remain constant for all GSSC programs.

¥GPSS ~ General Purpose Systems Simulator: a computer pro-
gram used by IBM to predict running times for RTCC and GSSC
programs.
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It is now possihle to consider some worst case situa-
tions, all of which arise during the AAP cluster nmission.

Case 1: AAP-3 j,.unch

The programs used for an AAP-3 launch are shown
in Table 10. 1In this case a manned C3M is launched
to rendezvous with the orhiting LM/ATY; the OWS-MDA-
AM is in another orbit. The total CPU utilization,
as determined by strai-ht addition, ias 131%:; after
applying the 157 reduction factor, the loading is
~111%, which indicates 2 computer overload.

~

However, a slisht compromise in trainine policy
can alleviate this situciion. The incerticn shin
model accounts Tor <10 out of the 1317 CPU loading.
This model is ured to - pevide troinins oy the fliecht

controller aboard the inszrtion chiv. It is not, how-
ever, imperative fo ftrain i durin- a launch which
leads to a rendezvous ‘o he is not involved in con-
frolling the rendezvous. He could, for cxample, be
trained during the AAP-4 launch exsrcise which is less
demanding of GS&SC time. This astrate-r would oermit
removal of the shin model from the AAP-3 simulation
and bring the CPU utilization down to +836%%, a high
but acceptable fi-ure. 1In addition, vhere mav be one
other mitigatin.: factor. I[f, a~ su - -e«cted in the
earlier discussion of the RTCC, the OWU3-YDA-AM is shut
off during the launch of AAP-3, thcon the firure is
further reduced to ~77%#%%,

Case 2: AAP-3/! Rendezvous With AAl-1,2

The programs used 1n thils case are shown in
Table 11. The insertion ship model i3 not included
since the shio verforms no function Jdurins this
part of the mission. The Saturn TIB nodels are not
included, since the launch vehicles nlayv no role
in the rendezvous.

The sum of individual CPU utilizations is 95%;
applying the reduction factor it becomes ~81%,
which is an accerftable firure.

Judging from these cases it is concluded that a single
360/75 can support the most complex AAP training exercise, if
the insertion ship model is removed from the AAP-3 launch simu-
lation.

#(131-30) x .85 » 86%.

%#%(131-30-10) x .85 ~ 777.
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4.2 GSSC Reliability

Reliability considerations are not as pressing for
the GSSC as they are for the RTCC computers. If a GSSC fails,
schedules may slip--but in general there will be no danger to
human 1life. Hence the concept of a dynamic standby has never
been, and is not planned to be, used in the GSSC. However for
heavy support levels it would be extremely useful to have two
computers that can perform the GSSC function. If one fails the
other can be brought on line to avoild undue delay in training
exercises and program development. (This was possible in
Gemini, since all five 7094's were in one room and could be
used interchangeably as GSSC or RTCC computers.) Also two
GSSC's would facilitate support of simultaneous training activ-
ities if required by a particular schedule.

The present setup precludes this. A backup capability
can only be achieved if another 360/75 is brought into building
422 or if the GSSC function is brought back to building 30.

4.3 GSSC Program Development

The development of programs for the GSSC follows much
the same course as that for the RTCC, and many of the points
presented for the RTCC apply to the GSSC as well. Based on dis-
cussions with MSC personnel, the following assumptions were made
to assess the computer requirements for GSSC program development:

a. Program development starts eight months before
launch.

b. The first three months of program development in-
volve mostly job-shop work on 360/50's. The
360/75's could also be used if time is availlable
on them. For first-of-a-kind missions (viz., A-1,
C-1, F-1, H, and I in Figure 1), the computer time
required is equivalent to 25, 50, and 75 hours per
month on a 360/75. Other missions require half
these values for each month.

¢c. The next two months require the use of the 360/75
in Building 422. For first-of-a-kind missions,
the utilization rate is 275 and 225 hours per month
during this period. Other missions require half
these values for each month.

These requirements were converted from hours per month
to the number of computers by assuming, as with the RTCC, that
each computer would be available 500 hours per month.
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4,4 Other Computer Requirements

The GSSC is utilized extensively before launch for
system test and validation, and for training. MSC experience
shows that a 360/75 is needed about halftime during the three-
month period just prior to launch, and this utilization rate
was assumed in the analysis. Since the GSSC uses the same RTOS
as the RTCC, no additional computer time need be allocated for
development on the RTOS.

4.5 Results of Analysis

The GSSC requirements for each baseline schedule were
determined on a month-by-month basis. The results are presented
in Table 12 as the total number of equivalent 360/75's required
for GSSC tasks.

As with the RTCC requirements, some planning of pro-
gram development activities may be expected to reduce local
peaks in the schedule, if necessary. As a first approximation
of the effect of such planning, a "uniform" development rate
was assumed by the authors, as follows:

a. The first three months of program development
for a first-of-a-kind mission use computer time
equivalent to 50 hours per month on a 360/75.
Other missions use 25 hours per month.

b. The next two months require 250 hours per month
of 360/75 time for a first-of-a~-kind mission,
and 125 hours per month for other missions.

The results obtained by using these values are pre-
sented in Table 13 and summarized, along with the results of
Table 12, in Table 14, By comparing corresponding figures in
Tables 12 and 13, it can be seen that the requirements are not
affected as much by the assumed development rates as they were
in the case of the RTCC. This difference arises primarily
from the fact that even the uniform rates assumed in the analy-
sis actually consist of two rates, one for the first three
months and the other for the next two months. Furthermore, the
month-by-month variation in the development rate is not as great
for the GSSC as for the RTCC, and does not extend over as long
a period.

A1l schedules demand more than one computer for large
percentages of the time; therefore, the one 360/75 now located
in the SCATS area could not, by itself, support these schedules.
Part-time usage of the 360/50's and, if available, the RTCC
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360/75's could increase the GSSC capability to the equivalent
of 1.5 360/75's and would satisfy the needs of schedules I and
V, with minor rearrangement of tasks in the latter. The other
schedules require a much greater increase in GSSC capability,
either by more extensive usage of the 360/50's or the RTCC

360/75's, or by the installation of another 360/75 for GSSC
applications.

5.0 COMBINED RTCC - GSSC COMPUTER REQUIREMENTS

As stated previously, the 360/75 used for the GSSC is
physically removed from the 360/75's in the RTCC. This fact
somewhat complicates the analysis because it prevents an unre-
stricted pooling of resources to meet the combined needs of the
RTCC and the GSSC. On the other hand, both the RTCC and the
GSSC make use of the 360/50'3, and the GSSC is able to use Job-
shop time on the 360/75's when available. It is also possible
that there will be a closer integration of the GSSC with the
RTCC, particularly if any major expansion of facilities occurs,
as would be required to support schedules II and IV. Pooling
would then be easier to realize. For planning purposes, there-
fore, it is useful to combine the requirements of the GSSC with
those of the RTCC. Table 15 represents such results for non-
uniform development rates, and Table 16 for uniform development
rates. Table 17 summarizes the results for both development
rates.

Besides raising the general level of computer require-
ments, the addition of the GSSC tasks causes the peak loads for
schedules IIT and V to be shifted to the second year, when flights
of Apollo and AAP missions begin to mix. Schedules I and V could
be handled by the present combined complement of computers (6
360/75's and 2 360/50's) with some rearranging of program develop-
ment tasks around the local peaks. Somewhat more extensive
rearranging would also bring schedule III within present capa-
bility. With one additional 360/75, most of the demands of
schedule II and IV could be readily satisfied; however, consider-
able rearranging of program development tasks and extensive
pooling of GSSC requirements within the RTCC would be necessary
to meet the peak load conditions of these schedules.

6.0 SUMMARY AND CONCLUSIONS

The number of computers required for the RTCC and the
GSSC was analyzed for various schedule densities. The analysis
was based on the premises that a single 360/75 can provide real
time support for the most complex mission envisiocned and that a
single 360/75 can provide the GSSC function for the mission.
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These premises are valid 1if certain changes in present flight
support philosophy are made. For the RTCC, telemetry processing
will have to be reduced by a combination of decreasing the num-
ber of parameters to be processed in real time, increasing the
time between telemetry updates, and suppressing or delaying
nonessential telemetry transmissions. For the GS3C, it may be
necessary to eliminate or defer certain aspects of training
relating to insertion ship flight controllers. It was concluded
that these changes can be made without seriously affecting the
mission control fuaction. If the present operating philosophy

is not changed, there could be a large increase in the number of
required computers.

During the study other configurations and modes of
operation were considered, but lack of time precluded their
detalled analysis. Hence, the major conclusions of the study
are presented in two parts: augmentation requirements for the
various schedules, assuming a stand-alone mode of operation;
and, suggested areas for further study.

6.1 RTCC-GSSC Augmentation Requirements

There are three major factors which determine the
number of computers needed in the RTCC: program development
time per mission; reliability goals; and the number of simul-
taneous activities which must be supported.

There are presently five 360/75's in the RTCC, one
in the SCATS area, and two 360/50's located off-line. These
computers provide adequate support for schedule I, an
Apollo-only schedule with two-month launch centers. They will
also provide support for schedule V--an Apollo schedule with
three-month launch centers interleaved with a "light" AAP
schedule--subject to one restriction: if two critical phases
occur simultaneously, it may be necessary to defer support of
a third major activity¥* until completion of the critical
support period. This condition, which arises from the limited
number of computers with RTCC interfaces, is not deemed to be
excessively restrictive in the case of schedule V.

If the number of missions per year were to increase
as epitomized by schedule III, another computer would be
desirable for RTCC program development and at times another
GSSC would be needed for the support of simultaneous training
exercises.

One way to accomplish this is to locate an additional
computer in the SCATS area but give 1t sufficient interfaces so
that it can be used for RTCC program development. In this

¥FWor example: training, pad support, network testing.
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manner, one more 360/75 will enable the MCC-H to support an
Apollo schedule with two-month launch centers interleaved with
a "light" AAP schedule subject to the same limitation stated

previously. This limitation is not excessively restrictive for
schedule IIT.

To remove the limitation, as would be desirable for
supporting the first three years of schedules II and IV, it
would be sufficient to replace the two off-line 360/50's with
a 360/75 and put it in the RTCC. The sixth RTCC computer could
be used for program development and, when needed, for mission
support, thus providing the control center with the capability
of supporting two critical phases and a major activity
simultaneously. This approach would require some modification
of facllities since the present RTCC computer room may not be
able to accommodate six 360/75's.

Thus, eight 360/75's--six in the RTCC and two in the
SCATS area--could handle the most demanding schedules analyzed
in the study, with the possible exception of the fourth year of
schedules II and IV. The number of computers required then
cannot be fully determined since it depends on program develop-
ment needs for the fifth year, a factor that was not estimated
in the study.

6.2 Areas for Further Study

The stand-alone approach is in many ways inefficient.
An entire computer is tied up in a mission, even during periods
of low activity. There is no graceful way of handling overload
conditions such as might be possible if a multiprocessing, load-
sharing system were used. The large program sizes lead to in-
creased overhead due to program swapping and more checkout time
for the programs. CPU utilization during the real time program
checkout is necessarily low since much of the time is spent
waiting for input-output operations.

Several approaches to improving computer utilization
deserve further study. It is possible to rearrange the pro-
cessing tasks to support a mission so that one computer, or more
if necessary, handles the telemetry data for all simultaneous
missions while another computer processes trajectory data.

The results of a MITRE study(g) indicate that there are po-
tential advantages in this "functional" approach, particularly
for heavy schedules. Future studies should investigate the
functional approach in more detail from the standpoints of
methods of implementation, CPU utilization, memory requirements,
reliability (standby) criteria, and similar areas of concern.
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In a multiprocessing environment, several processors
are capable of operating in parallel, and the system assigns
tasks to processors that are available. TImplementing such a
load-sharing operation involves both hardware and software of
appreciable complexity. This concept appears to have particu-
lar advantages for handling jobs that require more processing
speed than 1s possible with a single processor. The high CPU
loadings of some AAP missions make this concept appealing for
the RTCC.

Multiprogramming is a possible means of reducing the
number of computers needed for program development. Some
degree of multiprogramming has already been implemented: the
360/75's can carry on peripheral input-output activities as
background, low-priority tasks while job-shop tasks are in
process. It is possible to extend this concept to take advan-
tage of CPU time available during real time checkout. The
simplest approach would be to load and execute a non-real time
job when a real time user's program is interrupted; his program
would be reloaded and resumed immediately when he requested it.
The fact that one program operates in real time and must have
priority complicates the picture somewhat, but does not preclude
this approach.

Other changes in hardware, software, or operating
procedures may prove feasible in improving computer utiliza-
tion. It is 1likely, for example, that many tasks now per-
formed in block time could be accomplished in job-shop mode,
which in general utilizes CPU time more efficiently.

Within the limitations of their manpower, IBM and
MSC have been investigating many of these areas. More needs
to be done in this regard to determine the practicability of
various alternative approaches and choose the one with the
best potential.

Another topic that warrants further study is the
telemetry update cycle. As shown in this report, the update
cycle time is an important factor in determining computer re-
quirements, and expanding this time can lead to significant
relaxation in computer loading. Although CCATS sends data
to the RTCC once every second, many of the variables change
value only once every ten seconds. Therefore, a considerable
amount of redundancy exists in the telemetry data and its
processing within the RTCC. It is conceivable to have the
telemetry processing programs test for changes in the value
of a variable and, if no change is detected, to bypass certain
processing steps involving that variable. Operating in this
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manner would reduce the time spent in processing data, at the
expense of some additional time consumed in testing the data
to determine whether it should be processed further. Studies
should be conducted to assess the potential benefits inherent
in this approach. A decision could then be made as to whether
these benefits are significant enough to justify the many
software modifications necessary to realize them. Companion
studies could be directed at the effects of a general increase
in the telemetry undate cycle time. The most obvious disad-
vantage of an increase cycle time is the potential loss of
data; for example, if the cycle time were increased from one
second to two seconds, it is possible that events of less than
two seconds duration could begin and end between updates and
pass unnoticed. The characteristics of telemetry data should
be studied in detail to determine the likelihood of such
short-duration events occurring and the effects on the

mission if they are not observed. The results of this study
could provide a basis for estimating a range of acceptable
telemetry update cycle times and would be helpful in planning
future growth of the capabilities of the MCC-H.
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APPENDIX

An Analysis of RTCC Program Swapping Time

The amount of CPU time spent in program swapping is
a function of the size of the program and the distribution of
requests for the component subprograms. Swapping time in
Apollo RTCC programs can be used as a guide for estimating
swapping time in AAP computer programs. The program size for

AS-504 is estimated to be greater than 5 x 106 bytes. Latest
estimates indicate that swapping time for this program is 207%
of a processing cycle. This figure will be used for other
programs in the same size range. The following analysis will
show that the AAP-3/4 programs fall into the range so that the
20% figure can be used in determining CPU loading.

The AAP-3/4 launch and rendezvous comprises maneuvers
similar to those of the AS-258 mission. Hence, it will be
assumed that the trajectory-oriented portion of the AAP-3/4
program will be comparable in size to that portion of the AS-258
program. IBM estimates for AS-258 program sizes are shown in
Table A-1, which was taken from the August 23, 1967, RTCC Project

Development Plan.(6) (Descriptions of each of the subprograms
are given in the functional specification for the Earth Orbital

Rendezvous Program.(7)) As can be seen from the Table, the
trajectory processors, programs 1 through 5, for AS-258 require

1980 x lO3 bytes of storage. This figure will be used 1in the
AAP estimate.

It is also assumed that the residual programs and RTOS
will be similar in size, i.e., 385 x 103 bytes.

The Mission Control program, which is used for
sequencing subprograms, should be slightly bigger for AAP-3/4
since there are more mission phases to consider. We will

assume a 20% increase, i.e., a total program size of U460 x 103
bytes.

The most significant increase will be in the size of
the telemetry processing program. An approximation to the size
of this program can be made by using AS-504 and AS-258 estimates
and assuming that the size of a telemetry processor is propor-
tional to its running time.
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Appendix

From the data given in Table 1, it can be seen that
the running times are 678 milliseconds¥* for the total set of
telemetry processors in AS-504, and 1202 milliseconds*¥ for the
total set of telemetry processors in AAP-3/4. Therefore:

_ 1202
X = 578 Psour (1)

where PSOMT is the size of the telemetry portion of the AS-504

program and X is the size of the telemetry portion of the AAP-3/4
program. PSOUT is comprised of two parts: instructions and data.

IBM has estimated the instruction size to be 200 x 103 bytes.(6)
From Table A-1 we see that the ratio of tables to instructions for
the AS-258 telemetry processor is 3.96. An examination of esti-
mates for other programs indicates that the average ratio for the

AS-501, 206, 258, and 502 telemetry processors is 3.5.(6) Using

4,0 to be conservative, PSOMT becomes 1000 x 103 bytes. ¥¥#%

Substituting PSOMT into equation (1) we find that the

telemetry processor for AS-258 will require 1775 x lO3 bytes of
storage.

It is estimated that the digltal command program size
will be proportional to the number of vehicles commanded. We
will assume that the increase in command programs will be similar
to the increase in telemetry programs. Using the AS-258 estimates
for digital command processing (which is larger than the one for

AS~504) and multiplying by 1202/678 we get 151 x 103 bytes.

Adding all factors, as shown in Table A-2, we get

~4800 x 10° bytes, which is less than the estimated size for AS-504.
Hence, the swapping time for the AAP-3/U4 program should be equal

to or less than that for AS-504, which is estimated to be ‘

20% of a processing cycle.

¥This number is obtained by adding the execution times for
programs a thru i in Table 1.

¥*¥This number is obtained by adding the execution times for
programs a and ¢ thru k in Table 1, adding a and c in twice to
account for the two launch vehicles.

£%%p = 200 x 103 + U(200) x 103 = 1000 x 10°.

504T
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TABLE 1

RTCC PROGRAM EXECUTION TIMES

A. Telemetry Processing Time in Milliseconds
(Including RTOS Overhead)

a)
b)
c)
d)
e)
)
g)
h)
i)

J)

k)

Space Vehicle Program

SIC or SI

S1T

SIVB/IV

CSM

Aero Medical Data (AMD)

Apollo Guidance Computer (AGC)
Lunar Module (LM)

LM Guidance Computer (LGC)

LM Abort Guidance System (AGS)
Orbital Workshop (OWS) .

Multiple Docking Adaptor (MDA) ;
Airlock Module (AM) J

Apollo Telescope Mount (ATM)

Real Time Trajectory Processing

Processing Time

hé
49
97
171
62
51
132
b5
25

260

170

Trajectory Load Per

Phase Vehicle
(percent of real
time cycle)
Launch 14,499
Major Burn 10.63%
Orbit 2.06%

C. Swapping Time

0-20% depending on size of

total program.
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TABLE 2

RTCC PROCESSING DURING CSM LAUNCH*

(Percent of a 1 Second Update Cycle)

Telemetry Processing

AAP-3 AAP-4 OWS-MDA-AM
CSM { 17.1% SIVB E 9.7% 26%
AMD i 6.2 i
AGc 1 5.1 !
SI i 4.9 i
SIVB | 9.7 :
[ [
[ i
Subtotals 43.0% 9.7% 26%
Total Telemetry Processing 78.7%
AAP-3 Trajectory Processing 14,5
AAP-4 Trajectory Processing 2.1
OWS-MDA-AM Trajectory Processing 2.1
v~ 97%

¥*Including RTOS Overhead
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TABLE 3

RTCC PROCESSING DURING CSM-LM/ATM
RENDEZVOUS WITH OWS-MDA-AM*¥
(One Second Telemetry Cycle)

Telemetry Processing

CSM 17.1%
AMD 6.2
AGC 5.1
LM 13.2
ATM 17.0
LGC .5
AGS .5
Subtotal 65.6%

OW3-MDA-AM 26.0

Total 91.6%

Total Telemetry Processing 91.6
CSM-LM-ATM Trajectory Processing 14.5
OWS-MDA-AM Trajectory Processing 2.1
Combined Processing ~ 108%

*Including RTOS Overhead
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TABLE 4

NON-UNIFORM PROGRAM DEVELOPMENT RATES

MONTHS BEFORE

PROGRAM DEVELOPMENT RATES (HRS/MO)

LAUNCH
10,000 HR 6000 HR 3000 HR 1500 HR
- TOTAL TOTAL TOTAL TOTAL
12 225 135
11 450 270
10 625 375 7 3
9 675 Los5 23 12
8 750 450 30 15
T 1100 660 60 30
6 1225 735 60 30
5 1300 780 300 150
4 1600 1010 720 360
3 1300 780 900 450
2 600 360 600 300
1 75 45 300 150
MISSIONS A-1 c-1, F-1 A-2, B-1, A-3 and ff.,
ASSIGNED H¥, I c-2, D-1, B3-2 and ff.,
(gizure 1) §’23'? &, D-2, E-all,
F-3, G-2,

K, N




BELLCOMM :cC.
TABLE 5

NUMBER OF COMPUTERS REQUIRED
(RTCC ONLY, NON-UNIFORM DEVELOPMENT RATES)

SCH JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC
I b.4 4.1 46 6.4 7.2 W7 5.6 5.6 5.0 5.7 5.4 4.4
11 4ohok1obhoe e.b 7.2 4.8 6.0 6.7 T.2 8.4 7.9 7.1
111 L.y 4.1 4.6 6.4 7.2 4.7 5.7 5.6 5.1 5.9 5.6 5.1
o WA 16 gd L2 50 63 a0 L2 L L8 6l
\ bohohol he ol L2 b7 5.6 5.6 5.0 5.8 5.0 3.7
I b.h 4.6 4.0 4.0 3.7 4.0 3.7 h.o 3.7 4h.o b,
1T 6.6 6.2 6.0 5.6 5.3 5.7 5.8 5.8 5.3 5.6 5 6.
I1I 5.9 6.7 &.1 6.4 5.8 5.1 5. 6.4 5.4 5.2 4.1 3.
v 6.0 6.1 4.8 4.6 4.1 4,1 3, 4.7 4.5 5.5 5.5 4.
v 4.4 5.5 5.4 6.3 6.3 4.4 5.0 5.5 4.7 4.8 5.3

I 3.6 3.9 3.6 3.9 3.3 3.1 2.4 2.2

II 4.9 5.7 5.4 5.2 3.8 4.0 8 4.6 5.6 7.0 6.6 7.0
11T 2.7 L4.2 3.2 3.0 3.1 3.3 4.0 3.8 4.2 3.8 3.4 3.1
IV 5.3 5.7 5.6 6.2 5.6 5.3 5.5 &3 &6 &0 L4 .0
v 5.2 5.6 4.9 4.1 3.9 3.3 4.0 3.8 L2 3.8 3.4 3.1
I

IT 75}1 5.4 5.1 5.3 5.6 g §__;_9: g 5.0 4.6 3.6

IIT 2.4 2.4 2.2 2.1 2.3 2.4 2.7 2.6 2.2 2.3 2.4

v 7.4 5.4 5.1 2.3 5.6 6.1 6.9 &4 5.0 3.6

v 2.4 2.4 2.2 2.1 2.3 2.4 2.7 2.6 2.2 2.3 2.4

Single underline - more than 5 computers required

Double underline - more than 6 computers required

~J

Triple underliine - more than computers required
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TABLE 6

NUMBER OF COMPUTERS REQUIRED
(RTCC ONLY, UNIFORM DEVELOPMENT RATES)

SCH JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV
I 6.1 5.8 5.5 5.6 5.7 4.2 3.6 4.2 4.0 4.3 4.7
II 6.1 5.8 5.5 5 2 6.2 5. 5.2 6.0 6.3 6.5
== = == = ==
111 6.L 5.8 5.5 5.6 5.7 4.2 3.6 4.2 4.5 5.3 5.7
IV 6.1 5.8 5.5 6.1 7.2 6.2 5.6 5.7 5.5 6.1 6.0
=== = = == ==
v 6.1 5.8 2.5 5.6 2.7 4.2 3.6 3.7 3.5 1 .2
I 4.1 4.3 3.6 4.0 3.6 4.0 3.6 4.0 3.6 4.0 3.6
11 5.8 5.3 5.1 6.2 5.3 6.0 3 5.5 5.8 5.5 5.7 5.9
111 6.3 6.8 6.0 6.3 5.8 5.3 4.7 5.0 4.1 3.8 3.3 3.5
IV 5.2 4.7 4.5 5.0 4.9 5.0 4.3 47 41 4.8 5.8 5.3
v 5.8 6.2 5.5 5.3 5.7 4.2 h.7 4.9 4.3 4.1 4.4 4.0
I 3.6 3.8 3.1 3.3 2.6 2.8 2.1 2.2
IT h.5 5.2 5.2 5.9 4.3 5.9 5.5 5.6 5.9 6. 5. 5.8
111 2.6 3.4 2.3 2.8 3.5 3.6 4.2 4.6 3.6 4.3 2.6 2.9
Vo 6.1 5.4 5.8 6.8 6.2 Ll &l 6.8 5.6 68 5.9 5.8
v 3.8 4.5 3.3 3.6 4.3 3.6 4.2 4.7 3.6 3.3 2.6 2.9
I
1T 6.2 5.2 4.4 4.8 5.7 5.9 6.3 5.7 4.2 3
o——— S——— Smtnest— Sm—— = —
I11 2.5 2.6 2.4 2.1 2.3 2.5 2.6 2.4 1.8 2
v 6.2 5.2 4.4 4.8 3.7 3.9 6.3 5.7 4.2 3
v 2.5 2.6 2.4 2.1 2.3 2.5 2.6 2.4 1.8 2.

Single underline - more than 5 computers required
Double underline - more than 6 computers required

Triple underline - more than 7 computers required
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TABLE 7

SUMMARY OF NUMBER OF COMPUTERS REQUIRED
(RTCC ONLY)

NON-UNIFORM DEVELOPMENT RATES

SCHEDULE % OF TIME NEEDS EXCEED PEAK REQUIREMENT
5 6 7
I 19 6 3 7.2 (May, CY1)
1T 73 33 12 8.4 (0ct., CY1)
11T 38 12 2 7.2 (May, CY1l)
IV 69 40 15 8.4 (0ct., Cv1)
v 27 8 2 7.2 (May, CY1)
UNIFORM DEVELOPMENT RATES
SCHEDULE % OF TIME NEEDS EXCEED PEAK REQUIREMENT
5 6 7
I 16 3 0 6.1 (Jan., CY1)
TI 83 17 2 7.2 (May, CY1)
I1T 29 8 0 6.8 (Feb., CY2)
IV 69 29 il 7.2 (May, CY1)
Y 25 b 0 6.2 (Feb., CY2)
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TABLE 8

GSSC CPU LOADING ESTIMATES

CPU UTILIZATION

INCLUDING RTOS PROGRAM SIZE

¥Based on AS-504 estimates received from MSC.

¥¥*Extrapolation by the authors to AAP.

PROGRAM FUNCTION OVERHEAD (BYTES)
¥SAT IB Simulates the Uprated T% 100,000
Saturn Launch Vehicle
¥¥SLV Simulates the Saturn V 9% 125,000
Launch Vehicle
¥CSM Simulates the CSM 9% 100,000
¥TM Simulates the LM 9% 150,000
¥¥ATM Simulates the ATM 5% 100,000
¥¥OWS-MDA~ Simulates the OWS-MDA-AM 10% 100,000
AM
¥Ground Simulates ground radars T% 105,000
Track
ALTDS Simulates the Apollo L 30,000
Launch Trajectory Data
System (ALTDS)
* 3
Insertion qi..1ates trajectory 30% 115,000
Ship
prog¢essor on the
inseftion ship
¥SCA In- Interface with Simulation 19% 160,000
terface Controllers
¥TILM I/0 Formats telemetry 217 %%% 35,000
stream from S/C
* -
Fggrﬁgce Interface with flight Iy 30,000
crew tralilner
RTOS and Data tables - 382,000
Subpool
Storage
TOTAL 1,532,000

*¥¥%¥%¥],0ading factor based on two vehicles; for each additional
vehicle add 6%.
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TABLE 9

CPU UTILIZATION FOR A CSM~-SIB LAUNCH

PROGRAM

SAT IB
CSM

Ground Track
ALTDS

Insertion Ship

SCA Interface
TLM I/0
FCT Interface

CPU UTILIZATION

1%
9%

7%
L
30%

19%
21%
hg

101%
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PROGRAM

AAP-3 CSM

AAP-3 SATIB

AAP-4 LM

AAP-4 ATM

AAP-4 SATIB
AAP-1/2 OWS-MDA-AM
SCA Interface

TLM 1/0

FCT Interface
Ground Track
ALTDS

Insertion Ship

131% x .85

n

TABLE 10

AAP-3 LAUNCH

111%

CPU
UTILIZATION

10%

1%
0% i
0%
1%
10%
19%
33%

L
1%
L
30%

131%

COMMENT

Slightly more complex
than AS-504 CSM

Not transmitting
during AAP-3 launch

Four vehicles trans-
mitting
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TABLE 11

AAP-3/4 RENDEZVOUS WITH AAP-1/2

PROGRAM

AAP-3 CSM

AAP-4 LM

AAP-4 ATM

AAP-1/2 OWS-MDA-AM
SCA Interface

TLM I/0

FCT Interface
Ground Track
ALTDS

95% x .85

CPU
UTILIZATION

10%
9%
s )
10%

19%
27%

b7

1%
47

95%

Transmit telemetry
as one vehicle

Three vehicles
tramsmitting
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TABLE 12

NUMBER OF COMPUTERS REQUIRED
(GSSC ONLY, NON-UNIFORM DEVELOPMENT RATES)

SEPT 0OCT NOV DEC

JAN FEB MAR APR MAY JUNE JULY AUG

SCHED.

CY
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e e =
H o
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g

0.9
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L
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u

I 1. 0.8
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I1IT

1.3

Qd,b
—l o
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—
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O
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\O
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K

o
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Iv
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0
0

0
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0

.0
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0.7

1.3

I 1.3 0.8

11
I1T

0.8 0

.8 0.8

.6
.3

.8
.6

0
0

1.1
0.6

1.3

0.5

1.8 1

.5

1.2
0.5

0.7 0
1.2
0.7

0.8
1.3
0.8

0

0

1-3
1.1

=f <©
—| O

6=l
— —

0.0
0.0
0.
0

0.5
0.5

0
.5

1
0

1.0
0.5
1.
0

0.7
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8

O
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1
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— ©
1—6
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2—6
—
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I1T

0.5 0
0.5 0

0
-5

1
0

0
.5

0.7
2

single underline - more than 1.0 computer required
double underline - more than 1.5 computers required
triple underline - more than 2.0 computers required



NOV DEC
0.8 0.
1.4 1.4

.6
. 2

SEPT OCT
0
1.

.6
2

0. 0

0.

TABLE 13
0.6
0.6

1.0
1.0

0
.0

NUMBER OF COMPUTERS REQUIRED
1.

(GSSC ONLY, UNIFORM DEVELOPMENT RATES)

FEB MAR APR MAY JUNE JULY AUG
0.8
0.8

J AN
1.1
.1

BELLCOMM, INC.

SCHED.
1T

CY
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0.8
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0.8
.2

II

11T

Iv
single underline - more than 1.0 computer required

double underline - more than 1.5 computers required
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TABLE 14

SUMMARY OF NUMBER OF COMPUTERS REQUIRED
(GSSC ONLY)

NON-UNIFORM DEVELOPMENT RATES

SCHEDULE % OF TIME NEEDS EXCEED PEAK REQUIREMENT
1.0 1.5 2.0
I 31 0 0 1.3 (Jan., CY2)
11 62 . 25 2 2.1 (Mar., CY2)
III - 31 ; 12 0 1.9 (Mar., CY2)
IV 73015 0 1.9 (June, CY4)
v 33 l 0 1.8 (Jan., CY3)

UNIFORM DEVELOPMENT RATES

; T
i

SCHEDULE |% OF TIME NEEDS EXCEED PEAK REQUIREMENT
{ N
a
il.o 1.5 2.0
1 28 0 0 1.3 (Jan., cy2)
II 58 27 0 1.9 (Mar., CY2)
III 31 10 0 1.8 (Jan., CY2)
v 7319 0 1.8 (June, CY4)
Y 38 i y 0 1.8 (Jan., CY3)
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TABLE 15

NUMBER OF COMPUTERS REQUIRED
(RTCC AND GSSC, NON-UNIFORM DEVELOPMENT RATES)

CY SCH JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC
1 I 5.4 5.0 5.7 7.4 7.8 5.5 6.4 6.3 6.1 6.7 6.2 5.2
| IT 5.4 5.0 5.7 Léi .8 5.7 1.0 7.9 8.8 10.0 2é§ 8.5
| TTI 5.4 5.0 5.7 7.4 7.8 5.5 6.5 6.3 6.3 7.1 6.6 6.5
v 5.4 5.0 5.7 7.4 7.8 6.0 7.3 8.1 8.7 10.0 9.0 _;§
= = e esEs e == =
v 5.4 5.0 5.7 7.4 7.8 5.5 6.4 6.2 6.1 6.8 5.7 4.7
2 I 5.7 5.4 5.3 4.8 5.0 4.8 5.0 4.8 5.0 4.8 5.0 4.8
II 8.1 7.6 8.1 7.0 7.3 7.3 7.6 7.2 7.2 7.2 7.1 7.3
I1I 7.7 8.1 8.0 0o 7.4 7.2 7.8 7.8 7.0 6.2 5.2 4.0
Iv 7. 7.1 6.1 5.9 5.3 5.1 5.1 6.0 5.9 7.1 6.6 .2
v 5.7 .8 6.8 7.9 7.3 5.7 6.3 6.7 5.7 6.2 6.7 5.7
3 I 4,9 4.7 4.9 4,6 4.3 3.6 2.9 2.2
IT 6.7 7.0 6.5 6.0 4.6 4.6 L.6 5.4 6.4 7.8 7.8 8.2
I1I 3.7 4.7 3.8 3.6 3.9 3.6 4.8 4.6 5.3 4.6 4.1 3.6
IV 6.9 7.1 7.0 7.8 7.0 6.7 1.1 1.6 1.9 9.3 8.6 8.2
\ 7.0 6.8 5.9 5.2 4,7 3.6 4.8 4.6 5.3 b6 4.1 3.6
4 I
. . A
IT 8.6 6.5 6.3 6.8 7.2 8.0 8.1 7.1 6.0 5 6 4.1 3
ITI 3.0 3.0 2.5 2.3 2.9 3.0 3.5 2.8 2.7 2.8 2.9 2.2
IV 8.6 6.5 6.3 6.8 7.2 8.0 8.1 7.1 6.0 5.6 4.1 3.4
A 3.0 3.0 2.5 2.3 2.9 3.0 3.5 2.8 2.7 2.8 2.9 2.2
Single underline - more than 6 computers
Double underline -~ more than 7 computers
Triple underline - more than 8 computers
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TABLE 16

NUMBER OF COMPUTERS REQUIRED
(RTCC AND GSSC, UNIFORM DEVELOPMENT RATES)

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

SCHED.

CY
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single underline - more than 6 computers required
double underline - more than 7 computers required
triple underline - more than 8 computers required
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TABLE 17

SUMMARY OF NUMBER OF COMPUTERS REQUIRED

(RTCC AND GSSC)

NON-UNIFORM DEVELOPMENT RATES

SCHEDULE 1% OF TIME NEEDS EXCEED PEAK REQUIREMENT
ﬁ -
L6 7 8
I 22 6 o ! 7.8 (May, CY1)
11 73 54 19 10.0 (Oct., CYl) |
II1 38 . 23 2 8.1 (Feb., cv2) |
TV 71 50 19 10.0 (Oct., CY1)
\Y . 33 > 8 o 7.9 (Apr., CY2)
| ] l
UNIFORM DEVELOPMENT RATES
r - i
SCHEDULE % OF TIME NEEDS EXCEED | PEAK REQUIREMENT
6 7 8 |
f I 16 3 7.2 (Jan., CY1)
! 1T 88 ' k2 7.9 (Nov., CY1)
f III 33 12 8.2 (Feb., CY2)
IV 79 k2 10 8.5 (June, CY3)
v 23 6 | 7.3 (Feb., CY2)
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TABLE A-1

AS-258 PROGRAM SIZE ESTIMATES

Instructions Data Storage Total Storage
Storage Require- Requirements Requirements
ments (Thousands (Thousands of (Thousands of
of Bytes) Bytes) Bytes)
(1) Launch Abort 182 31 213
(2) Mission
Planning 414 94 508
(3) Orbit and
Trajectory 305 39 344
(4) Reentry 346 56 4o2
(5) Trajectory
Determination 383 130 513
(6) Mission Control 166 217 383
(7) Telemetry 172 680 852
(8) Digital Command 73 12 85
SUBTOTALS 2041 1259 3300
Residual Programs in Main Core 245
RTOS Programs in Large Core Storage 140

TOTAL PROGRAM SIZE

3685
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TABLE A-2

AAP-3/4 PROGRAM SIZE ESTIMATES

STORAGE REQUIREMENT
PROGRAM (THOUSANDS OF BYTES)

Launch Abort
Mission Planning
Orbit and Trajectory > 1980

Reentry

Trajectory Determination )

Mission Control 460
Telemetry 1775
Digital Command 151
Residual and RTOS 385

TOTAL 4751
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BELLCOMM, INC.

ACRONYMS

AGC - Apollo Guidance Computer

AMD - Aeromedical Data

ATM - Apollo Telescope Mount

CCATS - Communications, Command and Telemetry System
CPU - Central Processing Unit

CSM - Command and Service Module

CSM-LM/ATM - Command Service Module-Lunar Module/Apollo
Telescope Mount

DSC - Dynamic Standby Computer

GS3C - Ground Systems Simulation Computer
MCC-H - Mission Control Center-Houston
MOC ~ Mission Operational Computer

MSFN - Manned Space Flight Network

OWS-MDA-AM - Orbital Workshop Multiple Docking Adapter-
Airlock Module

RTCC - Real Time Computer Complex
RTOS - Real Time Operating System

SCATS - Simulation, Checkout and Training System



